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The site ofthe primary pit and mobility ofthe natal cleft: The pit must lie in a cleft at the place where it is most firmly anchored down and there is least mobility. It was demonstrated that the site of the primary pits was at a distance of 3 inches (8 cm) from the anus and that it is at this point in the cleft that there is the least mobility, with the crease most firmly anchored to the sacral fascia.
It was shown, in men with no evidence of a pilonidal sinus, that the mobility of the natal cleft was statistically significantly less than in women. When the mobility was studied in children under the age of 10 years, no difference could be detected between the sexes. Differential diagnosis: Other conditions seen in this area include hydradenitis suppurativa, congenital sacral pits which have a shelving edge and which occasionally become infected, and intertrigo with a granulomatous longitudinal ulcer.
Summary
The theory advanced in this paper that theprimary pit in post-anal pilonidal disease is a pilosebaceous follicle has been drawn from a study of 112 cases. This etiology is supported by the demonstration that all secondary sinuses track exactly in the direction of the existing hair follicles. Futhermore, the site of the primary sinus pit is at the point of least mobility in the natal cleft where a pilosebaceous follicle would open up and this mechanism has been shown. The difference in the mobility of the natal cleft would account for the sex difference found in post-natal pilonidal disease in adults. No differences in the mobility of the natal cleft were found in children under the age at which pilonidal disease occurs.
Formation of a pilonidal sinus does not rely on the penetration of intact skin by hair, hence the absence of hair in many sinuses. The pilosebaceous primary pit is the starting point ofthe disease which becomes manifest due to the secondary factors of activity of the follicles after puberty, intertrigo, poor hygiene, sweating, the lateral traction of fat buttocks and the presence of hair as a foreign body.
[A fuller account of this work will appear elsewhere.] In a typical case of Hirschsprung's disease an undilated aganglionic segment of distal bowel is found in association with a secondary megacolon. Although the absence of ganglia is generally regarded as the primary lesion it is difficult to believe that this alone is responsible for the contracted appearance and obstructive effect of the distal bowel when the following points are considered: (1) Hirschsprung's disease presents clinically in ways which vary from severe intestinal obstruction to chronic constipation, even though the lengths of aganglionic bowel in the different patients may be similar. (2) Although normal peristalsis is absent in aganglionic bowel, vigorous uncoordinated contractions do occur and these can be stopped by the administration of a low spinal anesthetic (Ehrenpreis 1946 , Bodian et al. 1949 . (3) When myenteric ganglion cells are destroyed, as in Chagas' disease, the bowel becomes dilated rather than undilated as in congenital aganglionosis (Ferreira-Santos 1961).
Histochemistry
To try to identify factors that might explain these points, the distribution of cholinergic and adrenergic autonomic nerves was studied within the muscle layers of colon and rectum from 19 chilaren with Hirschsprung's disease. The ages ranged from 3 months to 3 years. Segments of bowel removed from children with unrelated conditions were used as normal controls.
Adrenergic nerves were examined by the catecholamine fluorescence technique and 'cholinergic' nerves by staining for cholinesterase. Details have been published (Garrett et al. 1969 ).
In normal colon and rectum fluorescent adrenergic nerves were found mainly within the ganglia of the plexuses of Auerbach and Meissner, and only a few were present within the muscle layers. The ganglion cells, however, showed no catecholamine fluorescence. These appearances are similar to those found in human adults by Baumgarten (1967) . In Hirschsprung's disease variable numbers of adrenergic nerves were present in aganglionic bowel but, in contrast to normal, they were distributed throughout the muscle layers. Where ganglia were first seen, at the upper end of the aganglionic segment, the usual periganglionic arrangement of adrenergic fibres was present. 'Cholinergic' nerves were found in moderate numbers within the muscle layers ofnormal bowel. They were mostly thin nerves and their numbers appeared to be relatively constant throughout colon and rectum. Ganglion cells in Auerbach's plexus varied in intensity of staining for cholinesterase and many showed only a weak reaction (Fig 1) . The 'cholinergic' nerves in the muscle layers of the aganglionic segments revealed large variations between the 15 patients studied. When the most distal tissues were examined (usually the lower half of rectum) 7 cases showed many more nerves than normal. In another 5 there were as many as the upper limit of normal and in both these groups the nerves tended to be thicker than those found in the normal control specimens (Fig 2) . In the remaining 3 cases very few muscular nerves were seen. As more proximal segments of each case were examined, the numbers of nerves decreased until the area of bowel associated with the first appearance of ganglia often showed very few nerves at all. This distribution suggests that most of the 'cholinergic' nerves enter the distal part of the bowel, probably from the sacral outflow.
It was noted that the specimens showing the greatest numbers of 'cholinergic' nerves had come from children who had presented with severe intestinal obstruction soon after birth. The children who presented with constipation later in life tended to have fewer 'cholinergic' nerves in the distal bowel.
Electron Microscopy
The histochemical evidence indicates that the functional abnormality responsible for intestinal obstruction in Hirschsprung's disease is due not only to aganglionosis but also to an abnormal innervation by cholinergic and adrenergic nerves. The absence of ganglia accounts for the uncoordinated activity of affected bowel, whilst the distribution of cholinesterase-positive nerves might explain its typically contracted appearance, provided they represent cholinergic motor nerves.
In order to examine the innervation of aganglionic bowel more exactly, electron microscopic studies were made of multiple segments of colon and rectum from 10 patients with Hirschsprung's disease, whose ages ranged from 3 months to 3 years. Bowel from an infant of 3 months was used as a normal control. Nerves throughout the bowel wall were investigated in detail to try and determine whether. constituent axons were morphologically normal or abnormal, and especial note was taken of the presence or absence of possible neuro-effector sites.
Sections from different levels ofbowel fromeach patient showed a similar distribution of muscular nerves as demonstrated by the histochemical techniques. Thus the greatest numbers of axons were seen in the circular muscle of distal rectum and the smallest numbers in zones where ganglia first appeared. The appearances of individual axons and their relationship to Schwann cells were similar in aganglionic and normal bowel. Nonmyelinated axons were aggregated into bundles of different sizes and each bundle was associated with a continuous chain of Schwann cells. The Schwann cells enveloped the axons to varying degrees so that although many were completely enfolded within Schwann cytoplasm, others lay near the surface with segments of their axolemmal membranes exposed. Within the muscle layers of the control bowel, axons partially denuded of Schwann cytoplasm were often found in close approximation to muscle cells with less than 500A (50 nm) between them. At these sites the axons often contained mitochondria and numerous vesicles. This arrangement of a partially bared axon in very close apposition to a smooth muscle cell is thought to represent a neuro-effector junction (Richardson 1958 , Burnstock & Merrillees 1964 . Similar normal-looking neuro-effector sites were seen frequently in distal segments of aganglionic bowel but in more proximal areas they were usually infrequent.
Enteric ganglia, whether in normal bowel or in proximal tissue resected from cases of Hirschsprung's disease, had an ultrastructure that was extremely complex. Neurones, supporting cells and axons were intimately related in a way that defies exact description, but the following observations were made. The ganglion cells were arranged around the periphery of ganglia and had part of their cytoplasmic membrane actually exposed at the surface. Within the ganglia there was a paucity of definite synaptic structures with thickened pre-and post-synaptic membranes. On the other hand, axons containing vesicles were often seen in intimate contact with other axons or with ganglion cells and it is difficult not to believe that there are functional synapses at these sites. Very little collagen was found within the enteric ganglia, which were thus unlike other peripheral ganglia where each neuronal complex is separated from its neighbour by collagen. In fact the extremely close relationship of the neural elements in myenteric ganglia is more like brain than conventional peripheral autonomic ganglia.
The large nerve bundles of the intermyenteric zone, readily seen in Hirschsprung's disease, contained mainly nonmyelinated axons in Schwannaxon bundles separated from each other by collagen. However, in 6 of the 10 cases some small myelinated axons were also present (Fig 3) but their destination is not known.
Conclusions
Histochemical and ultrastructural examination of the nerves in resected bowel from patients with Hirschsprung's disease, considered in conjunction with known abnormalities of function in this disease, suggest that the bowel dysfunction is due to at least four factors:
(1) Absence of ganglia causes absence of normal co-ordinated peristalsis.
(2) Absence of the normal periganglionic arrangement of sympathetic nerves prevents effective relaxation.
(3) Increased numbers of cholinergic nerves, when present in distal bowel, induce a strong uncoordinated motor activity. (4) Deficient myenteric innervation of more proximal bowel produces only a poor propulsive force and this may accentuate more distal obstructive factors.
